01/50/0 2 16:18 FAX 6 17 542 8906 F&R BOSTON i)015 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Inlctnatignal Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification * : 

C25D 11/02, 5/10, C03C 27/02, 27/04, 
27/08, 29/00, B32B 15/20, 15700, H01B 
12/00, H01F d/00, H01L 39/00 



Al 



(11) International Publication Number: 
(43) International Publication Date; 



WO 98/09004 

5 March 1998 (05-03-98) 



(2t) International Application Number: PCTVUSW 13067 

(22) Intonation*! Filing Date; 6 August 1997 (06.08.97) 



(30) Priority Data: 
08/701,375 



30 August \996 (30,08.96) 



US 



(71) Applicant: AMERICAN SUPERCONDUCTOR CORPORA- 

TION [U&USJ; Two Technology Drive, W« thorough, MA 
01531 (US). 

(72) Inventor?: SCUPtERE, John, 200 Annie Moctc Road, 

Bolton. MA 01740 (US). BUCZEK, David. M.; 32 Cordon 
Road. Necdham. MA 02192 (US). 

(74) Agent: WALPERT, Gary, A.; Fish £ Richardson, P.C., 515 
Franklin Street. Boston, MA 021 10-2804 (US). 



(81) Designated Stales; AU, CA, CN t IP, N£, ftU, European patent 
(AT, BE, CH, DE, DK. ES T Fl, ER. GE, OR. IE, IT, LU k 
MC, NL, PT, SE). 



Published 

With iniernatianat search report. 



(54) Title: CRYOGEN PROTECTEP SUPERCONDUCTING CERAMIC TAPE 



10 



70 



14 



(57) Abstract 

A high performance 
superconducting ceramic 
article (10) for use in a liquid 
cryegen bath is provided. It 
includes b superconducting 
ceramic tape (12) having at 
least one surface vulnerable 
u cryogenic Infiltration, 
which is sealed OR each 
vulnerable surface to a 
non-porous metallic laminate 
(14, 16) which also provides 

the desired support structure, In substantially impervious relation by a non-porous metal] ie bonding agent (13. 15). This results m greater 
cryogen infiUratian, and permits greater thermal cycling of the superconductor during use without causing degradation of the tape's ethical 
current carrying capacity. 
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gRYOGEW PROTECTED SUFERCON PtfCTTNG CERAMIC TAPE 
Background of the in vention 
The invention relates to superconducting ceramic 
5 tapes, and particularly to laminated superconducting 
ceramic tapes. 

It is known to form superconducting ceramic 
conductors by laminating the superconductor tape to a 
support structure to improve the tape's tolerance to 

10 tensile and bending stresses* However, when an article 
containing superconductor tape is immersed in a liquid 
cryogen, any contact between the cryogen and the 
superconducting ceramic, whether at an exposed surface of 
the tape or through defects in the matrix surrounding the 

15 superconducting material, allows the liquid cryogen to 
filter the porous ceramic structure- When the article is 
quickly warmed, which is standard practice in the 
operation of superconducting systems,, the liquid cryogen 
trapped in the interstices of the ceramic expands 

20 quickly, creating . "balloons" in the matrix and damaging 
the intragrain bonds in the ceramic* This results in 
decreases in the mechanical strength and critical current 
carrying capacity of the article- Typically this is true 
even of laminated tapes, as the cryogen seeps into the 

25 g<*ps between the superconducting tape and the support 

structure- Thermal cycling, which is a necessity for the 
normal operation of many superconducting articles 
increases this effect. To address this issue r it has 
been known to "pot" certain superconducting articles , 

3 0 such as small coils with thick layers of epgxy to 

minimize the likelihood of contact between the liquid and 
the superconducting tape, or to use other forms of 
cooling, such as conduction cooling when the articles 
cannot reasonably be protected in this manner. However, 
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for many applications, including transmission cables, 
transformers, and high field magnets , the preferred 
cooling method requires direct thermal contact of a 
liquid cryogen with the superconducting- conductor. in 
5 these applications , conduction cooling is typically not 
adequate and applying a heavy epoxy coating is typically 
not feasible for an number of rfiasnns which may include, 
for example, packing factor and flexibility requirements 
as well as the need to assure good heat transfer between 

10 the article and the liquid cryogen. 

Summary of the Invention 
A high performance superconducting ceramic article 
for use in direct contact with a liquid cryogen toath is 
provided* it includes a superconducting ceramic tape 

15 having at least one surface vulnerable to cryogenic 

infiltration is sealed on each vulnerable surface to a 
non-porous metallic laminate, which also provides the 
desired support structure, in substantially impervious 
relation by a non-porous metallic bonding agent. tfhis 

20 results in greater protection of the superconducting 
ceramic tape from cryogenic infiltration , provid&s a 
cooling path for the superconducting article during the 
cool-down portion of a thermal cycle, and permits greater 
thermal cycling of the superconductor during use without 

25 causing degradation of the tape's critical current 

carrying capacity*. In some embodiments, it also improves 
the tape's tolerance to tensile and bending stresses. 

By "non-porous" and " impervious ,T are meant 
substantially non-porous and substantially impervious to 

3 0 one or more of liquid helium., liquid nitrogen, liquid 
hydrogen and liquid argon at the operating temperatures 
and pressures for which the superconducting article is 

— '—--a- «■ — -- r* — >•<-- ■»-—,■———■—.■- "-vr"-- -*-•*".■>-» ■* * w j_ xu.Y «4wxuii| t-ii.tr; 

laminate is a tape formed from stainless steel, copper , 
3 5 capper alloys, or superalloys. In particular embodiments 
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of the invention, the laminate has a coefficient of 
thermal expansion within about 50% greater or less than 
that of the superconducting ceramic tape. Solder is tHe 
preferred metallic bonding agent, A first vulnerable 
5 surface of the superconductor tape can be sealed to one 
laminate and a second vulnerable surface of the 
superconductor tape can be sealed to a second laminate. 
According to another aspect of the invention, a 
cryogenically cooled assembly comprises a liquid cryo^en 
10 and a vessel for containing it, and a superconducting 
article at least partially immersed in the liquid 
cryogen- article includes a superconducting ceramic 

conductor in direct contact vith the liquid cryogen which 
comprises a superconducting ceramic tape having at least 
15 one surface vulnerable to cryogen infiltration by the 
preselected liquid cryogen, and a non-porous laminate 
sealed, to the vulnerable surface in substantially 
impervious relation* The assembly may further comprising 
refrigeration means for cooling the liquid cryogen, 
20 According to additional aspects of the invention, 

particular articles including; a superconducting coil and 
a cable conductor are formed from the superconducting 
ceramic tape of the invention. 

According to another aspect of the invention , an 
25 apparatus for laminating a superconducting ceramic tape 
to a laminate includes means for cleaning the 
superconducting ceramic tape, a laminator and a feed 
guide for guiding the superconducting ceramic tape and 
the laminate along ei laminate process path into the 
30 laminator. In particular embodiments, the laminator 
includes a dryer/heater for heating the tape and the 
laminate during lamination to expand the tape and the 
laminate and minimize voids in the bonding agent. In 
particular embodiments, the laminator includes a solder 
3 5 wave that flushes out voids in the bonding agent and a 
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guide dam to control the thickness of the solder layers. 

According to another aspect of the invention, a 
method of laminating a superconducting ceramic tape 
includes cleaning the superconducting ceramic tape* to 
5 provide an improved bonding surface, feeding the 

superconducting ceramic tape through a laminator, feeding 
a metallic laminate into the laminator, and laminating 
the superconducting ceramic tape to the laminate with a 
non-porous metallic bonding agent. preferably r the 

10 thickness of the seal joint is in the range of about 
0*0001" to about 0-001", and most preferably about 
0*0002" to about 0*0006". 

In particular embodiments of the method of the 
invention the tape and the laminate are heated during 

15 lamination to expand the tape and the laminate and 
minimize voids in the bonding agent. In some 
embodiments, a second laminate is fed into the laminator 
and the superconducting ceramic tape is laminated to the 
second laminate, 

20 Advantages of the system may include one or more 

of following* The superconducting ceramic tape is not 
subject to cryogen infiltration though surface defects or 
exposed surfaces during use that would result in 
degradation of the tape's critical current carrying 

25 capacity. 

Brief Description of the Drawings 
Other objects, features and advantages of the 
invention will be apparent from the following description 
taken together with the drawings in which: 
30 Fig* 1 shows a laminated superconducting ceramic 

tape ; 

Fig* 2 is a schematic surface view of a laminating 
assembly in accordance with the invention; 
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Fig* 3 is a top sectional view of a nitrogen 
enclosure of the laminating assembly of Fig.'i; 

Fig. 4 is an end view of an additional embodiment 
of a superconducting ceramic; and 
5 Fig- S is a schematic cross section of a liquid 

cryogen cooled assembly including a superconducting 
article in accordance with the invention, 

p^^ri r*-! 0 " o f Preferred Embodiments 

Referring to Pig, l, a laminated superconducting 

Id ceramic conductor 10 manufactured in accordance with the 
invention includes a superconducting ceramics tape 12 
having surfaces 17 and 19 which are vulnerable to 
cryogenic infiltration by a selected liquid cryogen in 
which an article containing the conductor will be used. 

15 These aire imperviously sealed to non-porous metallic 

laminates 14 and 16 by, for example, solder layers 13 and 
15- solder is the preferred metallic bonding agent r 
although others, including thoroughly wetted dispersions 
of metallic fibers or particles in an epoxy, amy be used. 

20 The desired thickness of the solder layers of the 

laminated superconductor 10 is typically in the range of 
about 0.00O1" to about 0-001", and preferably 0-00Q2" to 
about 0,0006". 

The laminate material is selected to have a 

25 coefficient of thermal expansion within atoaut 50* greater 
oir less than that of the superconducting ceramic tape. 
This laminated superconductor structure can produce an 
initial amount of compressive stress on tapo 12 when 
laminates 14, 16 are selected to have a significantly 

3 0 different coefficient of expansion than tape 12- The 
larger the disparity between the coefficients of 
expansion of the laminates and the tape, the greater 
strain the solder layers 13 and 15 are put under as it 
cools after lamination and the more likelihood of cryogen 
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leakage which may be damaging to the superconducting 
tape. 

Tape 12 of laminated superconductor 10 can 
typically Have a width of about 0,02-1.0" or larger, and 
5 a thickness of about 0-001-0-040" or larger. The tapes 
may be made toy any process for manufacturing 
superconducting tape, such as the well-known powder-in- 
tube and coated conductor processes, Typically, in 
highly aspected tapes made by the powder- in- tube process, 

10 the two broad faces of the taps will be vulnerable 

surfaces due to manufacturing defects r while the narrow 
faces of the tape will be substantially defect-free and 
impervious to cryogens. Depending on the particular 
geometry, all or only a portion of the surface of a 

15 coated conductor may constitute a vulnerable surface, 

although onersided tapes are perhaps the most common- The 
invention may be practiced with any superconducting 
ceramic- Superconducting oxides are preferred, 
especially superconducting copper oxides of the bismuth, 

20 rare earth, thallium, lead, or mercury families. Typical 
superconducting ceramic materials include , for example, 
(Pb,Bi) 2 Sr 2 Ca 2 Cu 3 0 (BSCCO 2223), (Fb,Bi) 2 Sr 1 Ca 1 Cu 2 0 (BSCCO 
2112), and Y 1 Ba 2 Cu 3 o 7 „ fi (YBCO 123)- 

tfetallie laminates 14, 16 are selected to provide 

25 thermal and electrical conductivity to permit cooling of 
the superconducting article and allow current transfer 
between the superconducting conductors in the article. 
The laminates are preferably stainless steel tapes (other 
metal tapes, for example, copper, copper alloy or 

so superalloy tapes are also suitable) and must have a width 
comparable to that of tape 12- Preferably, their width 
is not more than o.005 lT less than that of tape 12- If 
the width of laminates 14, 16 is more than 0-005" less 
than the width of tape 12, the superconducting portions 

35 along the edges of vulnerable surfaces 17 and 19 do not 
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receive the full benefit: of being protected by laminates 
X4, 16* small differences in width do not matter, as the 
non»porQus bonding agent typically flows enough beyond 
the surface of the laminate to provide coverage for them, 
5 but the width of the tape and the flow surface together 
preferably covers at least 98% of the vulnerable surface 
of the superconducting tape- 

Iiaminates 14, 16 typically have a thickness of 
about 0-001*0,003" or larger, although thinner ones may 

10 be used. Thick laminates, greater than about 0-004- 
0.02", preferably about 0-006", may advantageously be 
used in high field magnet applications to support large 
hoop stresses and support additional thermal mass* 

In particular embodiments, laminates 14, 16 have 

15 a high yield strength of about 2O0-80O MPa or larger. 

The laminated superconducting ceramic 10 has been seen to 
have increased performance as the ultimate tensile 
strength of laminates 14, 16 increases permitting higher 
stress levels to be applied to superconductor 10 without 

20 causing plastic deformation of the superconductor • Thin 
stainless steal laminates having a thickness of about 
0,001" advantageously have a higher yield strength than 
thicker stainless steel laminates and also provide a thin 
packing factor • 

25 Kef erring to Fig- 2, a laminating assembly 110 for 

laminating superconducting ceramic tape 12 between 
laminates 14 and ifi is shown- Laminating assembly no 
includes cleaning devices n, 13 , and 15, lasninator IS, 
for example, a solder wave or solder bath, and a series 

30 of feed guides 20, 20a r 22, 24, and 26 (see Fig* 3) for 
guiding tape 12 and laminates 14, 16 into laminator IS. 
The cleaning devices may be, for example ultrasonic 

nil J -a ■*- -i *%n c **-■*- -.+- ■} A y*-=» 1 r ~i ^.^^S *. - J t ^„ 

devices or mechanical scrubbers* Tape 12 preferably 
35 travels along a substantially straight laminate process 
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path (arrow 19) to prevent degradation of the 
superconductor tape as it is fed through the feed guides, 
the cleaning devices, and the laroinator- laminating 
assembly 110 also includes an instrument panel 27 for 
5 input of user commands and displaying of system status. 

Tape 12, prior to lamination, is stored on a 
payoff roll 23. laminates 14, 16, prior to lamination, 
are stored on payoff rolls 30, 32, respectively. A take- 
up roll 34 on which the resulting laminated tape 17 is 
10 taken-up is driven by a motor 3$ and pulls tape 12 and 
laminates 14, 16 through the feed guides and laminator. 
Payoff rolls 26, 30, 32 preferably include brakes 29, 31, 
33, respectively, for independently controlling the 
tension in taps 12 and laminates 14, 16* Thfe radius of 
15 curvature of tape 12 as it is fed from payoff roll 28 is 
maintained at gr&ater than about 3 inches to. prevent 
mechanical, and hence electrical, degradation of the 
superconductor taf»e. Laminates 14 and is can toe 
Pensioned during the laminating process, as taught, for 
20 example, in "Laminated superconducting Ceramic Tape' 1 , by 
John D. Scudiere, David M- Buczek, Gregory L* Snitchler 
and Paul J* Di Pietra, and filed thfc same day this 
application, the entire contents of which is hereby 
incorporated by reference. 
25 Referring to Fig, 3, laminating assembly 110 can 

include, for example, a nitrogen gas enclosure 40 housing 
laminator 18, a fluxer 42 located upstream of laminator 
ia r and a dryer/heater 44 located between fluxer 42 and 
laminator 16 to expand the tape and the laminate and 
3 0 minimize voids in the bonding agent- Preferably, the 

laitlinatar includes a solder wave to minimize voids in the 
bonding agent- A guide dam 54 is used to control the 
thickness of the solder layers between laminates 14, 16 
and tape 12. a cooler 56 blows air at, for example f 
35 10O°C, to remove excess solder from laminated tape 17 and 
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cools the laminated tape to freeze the solder. An 
additional feed guide 57 is located downstream of cooler 
56- 

Located downstream of cooler 56 are a clean 
5 station 9 0 which sprays a cleaning fluid, for example, 
distilled water at about 7Q P C, over tape laminate 17 and 
a dryer 9 2 located downstream of clean station 90 
including sir jets at about 100 *C* Guide rollers 94 are 
located downstream of dryer 92. 

10 I*i "the manufacturing 1 process, the vulnerable 

surfaces of tape 12 arts cleaned to improve their bonding 
surface to a level which will pass a standard solder 
wetability test such as ANSI-:r-STD-002 , -003 Preferably,, 
laminates 14,16 are cleaned by the same process and to 

15 the same degree , although the inventors have found that 
surface cryogen infiltration of the superconducting tape 
is primarily responsible for the formation of less than 
impervious seals* Then, tape 12 and laminates 14, 16 are 
heated to a soldering temperature* The flux may be 

20 applied by a flux aoalc or dip, a flux wipe, or a bubbler 
to insure that the vulnerable surface is continuously 
covered with flUtt- Fluxes which do not have adverse 
chemical reactions with the superconducting ceramic or 
the matrix, which are cleaned in water and which provide 

25 maximum wettability of the tape and laminate are 

preferred- For example, Alpha flustes a56, 857 and 260HF 
may be used. 

Tension on tape 12 is preferably maintained at 
relatively low levels during lamination, preferably 

30 corresponding to a strain of about 0.01% or less, to 

prevent tape degradation- The independently controlled 
brakes permit the laminates to toe tensioned at a higher 
tension than tape 12 if desired during the lamination 
process. As the laminated tape 17 is cooled, the tape 
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and laminates retract, as they start to cool and the 
solder freezes, sealing the tape to the laminates, 

Referring to Fig* 4, multiple stacfcs of 
superconducting ceramic tapes 12 can be laminated between 
5 laminates 14, 16, This configuration provides a 

structural aid for supporting the magnetic Lorentz forces 
seen when a coil is under hoop stress, and is also a 
potential cost reduction in coil fabrication- 
Figure 5 shows a system including a 

10 superconducting article such as a cable utilizing 

conductor made in accordance with the invention* The 
embodiment illustrated in Figure 5 allows cryogen 51 to 
act a heat transfer- medium in system SO. In particular, 
cryogen 51 is contained in vessel 52 which also contains 

15 a superconducting article 60 comprising conductor 10, 

which may be, for example, a superconducting cable viewed 
in cross section or a superconducting magnet coil* 
Superconducting article 60 is at least partially immersed 
in the liquid cryogen with the conductor 10 in direct 

20 contact with the liquid cryogens- The temperature of 
cryogen 51 is maintained within a desired range by 
circulating cryogen 51 through refrigeration unit 54 and 
circulating pump 58 in line 56- While not to be 
construed as limiting, the liquid cryogen could be., for 

3! 5 example, liquid nitrogen, liquid helium, or liquid 

hydrogen* As further shown in tfig. 1C, the temperature 
of the liquid cryogen in line 56 is maintained by 
refrigeration unit 54 - The amount of material in article 
60 determines the load on the unit 54, and thus the 

3 0 operating cost of the assembly. By using the non-porous 
laminates both as support structures and for protection 
against cryogen infiltration of the superconductor, the 
thickness of tiie matrix material in the superconducting 
tape can typically be substantially reduced- Reducing 

35 the thermal mass of material used will also reduce tlie 
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operating cost of the assembly- This represents a double 
cost savings, as many tape manufacturing processes 
require expensive noble metal matrix materials, and 
cooling costs may also be reduced. This a particularly 
5 significant consideration for long length cables - 

However r it can also be a significant consideration for 
any application that is placed in a pool-boiling liquid 
eryagen environment where the article is directly cooled 
by the liquid cryogen. 
10 Other embodiments are within the following claims - 

For example, if in use, a superconductor tap© is 
only to be exposed to bending strains in one direction, 
laminate can be soldered to only one surface of the tape 
tp gain the advantage of withstanding higher applied 
5.5 strain while maintaining critical current carrying 
capacity- Laminating to one surface of the 
superconducting ceramic tape places that surface under 
compression while the opposite surface of the tape is 
placed under tension. In use, the tape is bent such that 
20 the surface under compression is tensioned. 

Additionally, laminates of different thicknesses can be 
sealed to either surface of tape 12 to provide a similar 
result- Laminated superconductors and methods of 
manufacture thereof are taught in "Improved structure for 
25 Latftinated Superconducting Ceramic Composite Conductors 
and Method of Manufacture" , by Bruce B. Gamble, Gilbert 

Riley, Jr<, John D, Scudiere, Michael D. wanlief, 
David BuczeK and Gregory L- Snitchler, and filed the 
same day this application , the entire contents of which 
30 is hereby incorporated by refer encfe- 

Depending on the dimensions of the superconducting 
ceramic tape and the laminates, the difference in thermal 
expansion between the tape and the laminates, and 
porosity of the laminates and bonding agent, the 
35 superconducting ceramic can maintain about 90%, 
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preferably about 95% or greater, of its original critical 
current capacity under repeated thermal cycling, so that;, 
in other words, its performance is not degraded by more 
than 103; and preferably more than S%- Current capacity 
a retention of this order or greater has been observed over 
as many as 40 thermal cycles. 

Additions, subtractions and other modifications of 
the illustrated embodiments of the invention will toe 
apparent to those practiced in the art and are within tlie 
10 scope of the following claims. 
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What is claimed is; 

1. A superconducting ceramic conductor for use 
in a preselected liquid cryoa/en, comprising; 

a superconducting ceramic tape having at least one 
5 surface vulnerable to cryogen infiltration by the 
preselected liquid cryogen, and 

a non-porous metallic laminate sealed to the 
vulnerable surface in substantially impervious relation- 

2. The superconducting ceramic conductor of 

10 claim 1 wherein the non-porous laminate has a coefficient 
of thermal expansion within about 50% greater or lesser 
than that of the superconducting ceramic tape. 

3 . The superconducting ceramic conductor of 
claim 1 wherein the non-porous laminate also provides a 

XS support structure tor the superconducting ceramic tape, 

4 , The superconducting ceramic conductor of 
claim 1 wherein the non-porous laminate has a width 
comparable to that . of the superconducting tape- 
s' The superconducting ceramic conductor of 
20 claim 4 wherein the non-porous laminate comprises a tape 
formed from one of stainless steel , copper, copper 
alloys f and superaXloys, 

6. the superconducting ceramic conductor of 
claim 1 wherein the non-porous laminate is sealed to the 

25 vulnerable surface by a non-porous metallic bonding 
agent * 

7, The superconducting ceramic of claim 6 
wherain the bonding agent comprises one of solder or 
metal filled epoxy. 
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a* The superconducting 1 ceramic of claim 6 
wherein the non-porous bonding agent flows beyond the 
surface of the larainate, and the width of the tape and 
thfe flow surface together cover at least 93% of the 
5 vulnerable surface of the superconducting tape. 

9- The superconducting ceramic conductor of 
claim 4 wherein the non-porous laminate has a width which 
is not more than 0*005" less than that of the 
superconducting tape. 

10 10- The superconducting ceramic conductor of 

claim 1 further comprising a second non-porous laminate, 
the superconducting tape having first and second 
vulnerable surfaces r the first vulnerable surface being 
sealed to one of the non-porous laminates and th* second 

15 vulnerable surface being sealed to the other of the non- 
porous laminates „ 

A superconducting ceramic conductor for use 
in a preselected liquid cryogen, comprising: 

a superconducting ceramic tape having at least one 
2 0 surface vulnerable to cryogen infiltration by the 
preselected liquid cryogen, and 

a non-porous laminate sealed to the vulnerable 
surface in substantially impervious relation such that 
the superconducting ceramic conductor can withstand 
2 5 thermal cycling without degrading the current carrying 
capability of the superconducting ceramic tape by more 
than iq%- 

12, A superconducting cable, comprising a 
superconducting ceramic conductor according to claim i. 
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13- A superconducting coil, comprising a 
superconducting ceramic conductor according -to claim 1 - 

Id. A cryogenically cooled assembly comprising: 
a vessel for containing a liquid cryogen, 
5 a liquid cryogen, 

a superconducting article at least partially 
immersed in the liquid cryogen, the article comprising a 
superconducting ceramic conductor in direct contact with 
the liquid cryogen which comprises 
10 a superconducting ceramic tape having at 

least one surface vulnerable to cryogen infiltration toy 
the preselected liquid cryogen r and 

a non-porous laminate sealed to the 
vulnerable surface in substantially impervious relation. 



IS 15* The assembly according to claim 14 further 

comprising refrigeration means for cooling the liquid 
cryogen - 

16, Apparatus for laminating a superconducting 
ceramic tape to a non-porous laminate, comprising: 

20 first cleaning means for cleaning the 

superconducting ceramic tape to impirova its bonding 
surface, 

a laminator, and 

a feed guide for guiding the superconducting 
25 ceramic tape and the laminate along a laminate process 
path into said laminator. 

17. Apparatus according to claim 16 further 
comprising second cleaning means for cleaning the non- 
porous iain.j.nste to x iivpir ovs xts bonding surface * 



Received from < 617 S42 8906 > at 1/30/024:48:32 PM [Eastern Standard Time] 



01/30/02 16:23 FAX 617 5 42 890 6 F&R B OSTON . @I032 



WO 98/09004 * PCT/US97/13067 

- 17 - 

laminating the superconducting ceramic tape to the second 
laminate, 

25. A laminated superconducting ceramic conductor 
made by the method Of claim 22, 
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